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INTRODUCTION

Cystic fibrosis (CF) is the most common life-threatening
autosomal recessive disease, affecting more than 50,000 indi-
viduals worldwide with an incidence of 1 in 3200 live births'?.
Most of the infections in cystic fibrosis patients occur with
Burkholderia cenocepacia strains, which can be transmitted
from patient to patient and the infection often results in rapid
deterioration of the lung and a life-threatening pneumonia
termed "cepacia syndrome"'. Treatment of these infections is
very difficult because of the intrinsic resistance of B.
cenocepacia to most clinically useful antibiotics and it even
can actually utilize penicillin G as a sole carbon source for
growth®. Thus, it becomes important to identify newer and
improved antibacterial drugs for patients with cystic fibrosis.

Chitosan is a natural non-toxic biopolymer derived by
deacetylation of chitin [poly-B-(1—4)-N-acetyl-D-gluco-
samine], a major component of the shells of crustacea such as
crab, shrimp and crawfish®. In recent years, applications of
chitosan to the fields of medicine, food, chemical engineering,
pharmaceuticals, nutrition, environmental protection and
agriculture have received considerable attention®. In addition,
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chitosan has several advantages over other type of bactericide
because it possesses a higher antibacterial activity, a broader
spectrum of activity, a higher killing rate and a lower toxicity
toward mammalian cells®. Several studies have demonstrated
that chitosan had strong antibacterial activity against human-
associated bacteria®®. However, the antimicrobial activity of
chitosan against B. cenocepacia was not clear.

Many attempts have also been taken up to improve the
antimicrobial activity of chitosan, such as structural modifi-
cation, adjustment of molecular factors and forming complexes
with other antimicrobial materials’®. It has been well docu-
mented that chitosan is a powerful chelating agent, which is
easy to form complexes with transition metals and heavy
metals’. Most researches of chitosan-metal complexes focused
on their applications in the sequestration or removal of metal
ions, dyeing, catalysis, water treatment and many other
industrial processes®. Recently, few researches pay attention
to their biological activities and found that the complexes
showed wide spectra antimicrobial activities, which were much
higher than free chitosan and metal salts’.

The objective of this research was to evaluate the anti-
bacterial activity of chitosan treated with different metal salts
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solution against B. cenocepacia isolated from cystic fibrosis
patients.

EXPERIMENTAL

Chitosan (degree of N-deacetylation no less than 85 %,
practical grade, from crab shells) was obtained from Sigma-
Aldrich (St. Louis, MO, USA). Sodium hydroxide, sodium
chloride, calcium chloride, magnesium chloride, zinc chloride,
ferric chloride and acetic acid were of analytical grade and
supplied by Shanghai Sangon Biological Engineering Techno-
logy and Services Co., Ltd. (Shanghai, China). Stock solution
of chitosan (5 mg/mL) was prepared in 1 % acetic acid with
pH being adjusted* to 6.0 with NaOH. After stirring (160 rpm)
for 24 h at room temperature, the stock solution was auto-
claved at 121 °C for 20 min. Sterile deionized water of pH 6
was used as a control.

Cultivation of the microorganism: Two strains of B.
cenocepacia (Y10 and Y20) were kindly provided by First
Affiliated Hospital of China Medical University, which were
isolated from the sputum of cystic fibrosis patients. All bacterial
strains involved in this study were deposited in the culture
collection of the Institute of Biotechnology, Zhejiang Univer-
sity, China. The bacterial strains were cultured for 48 h on
nutrient agar medium® at 28 °C. After incubation, each bacterial
suspension was prepared in sterilized water and the initial
concentration of bacteria was adjusted to ca. 10° colony forming
units (cfu)/mL.

Counting surviving cells: Bacterial suspensions were
ten-fold serially diluted and 10 pL samples were inoculated
on nutrient agar medium in hexaplicate for each dilution and
were incubated for 48 h at 28 °C. After incubation, the surviving
cells on the agar were counted based on the colony forming
units and then the mean value of the cells at the lowest dilution
was calculated. Each experiment was carried out in duplicate
and was replicated twice.

Effect of chitosan concentration on the antibacterial
activity: Chitosan solutions of 5 mL in volume were prepared
by adding chitosan stock to deionized water to give a final
chitosan concentration of 0.01, 0.05 and 0.10 mg/mL. Bacterial
solution was added to 5 mL of chitosan solution to give a final
bacterial concentration of 10° cfu/mL and then the mixture
was incubated at 28 °C on a rotary shaker (Hualida Company,
Taicang, China) at 160 rpm. In the control treatment chitosan
stock was replaced with sterile deionized water of pH 6 in
order to obtain the same pH. After 6 h, samples were collected
from each cell suspension and bacterial counting was followed
as indicated above.

Effect of metal ions on the antibacterial activity of
chitosan: Chitosan solutions of 5 mL in volume were prepared
by adding 100 pL chitosan stock to 4.90 mL deionized water
with different metal ions to give a final chitosan concentration
of 0.10 mg/mL. The final concentration of the metal ions was
adjusted to 15 and 30 mM, respectively, by adding a metal
aqueous solution of NaCl, MgCl,-6H,0, CaCl,-2H,0, ZnCl,
or FeCl;-6H,0 to the chitosan solution. B. cenocepacia Y10
and Y20 were separately inoculated into chitosan solution to
give a final bacterial concentration of 10® cfu/mL and then the
mixture was incubated at 28 °C on a rotary shaker at 160 rpm.

In the control treatment chitosan stock was replaced with sterile
deionized water of pH 6 in order to obtain the same pH. After
6 h, samples were collected from each cell suspension and
bacterial counting was followed as indicated above.

Statistical analysis: The software STATGRAPHICS Plus,
version 4.0 (Copyright Manugistics Inc., Rockville, Md., USA)
was used to perform the statistical analysis. Levels of signifi-
cance (p <0.05) of main treatments and their interactions were
calculated by analysis of variance after testing for normality
and variance homogeneity.

RESULTS AND DISCUSSION

Chitosan solution at three different concentrations showed
effective antibacterial activity against the strain Y10 of B.
cenocepacia compared to the control after 6 h of incubation
(Fig. 1). At the concentration of 0.01 mg/mL, chitosan
exhibited the maximum antibacterial activity. The surviving
cell numbers in chitosan solution of 0.01 mg/mL decreased
2.17 logo cfu/mL, while the surviving cell numbers in chitosan
solution of 0.05 mg/mL decreased 1.41 log,, cfu/mL compared
to the control. As shown in Fig. 2, chitosan solutions up to
0.05 mg/mL showed stronger antibacterial activity against the
strain Y20 of B. cenocepacia compared with the remainder
treatment, which is consistent with the result of Liu et al.'’,
who found that the antibacterial activity of chitosan was
influenced by its concentration in the solution. The surviving
cell numbers in chitosan solution of 0.05 mg/mL decreased
1.40 log,o cfu/mL, while the surviving cell numbers in chitosan
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Effect of chitosan concentration on the antibacterial activity of strain
Y10 of B. cenocepacia isolated from cystic fibrosis patients.
Columns with the same letters are not significantly different (p <
0.05). Error bars represent the standard error of the mean. Data are
from a representative experiment repeated twice with similar results
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Fig. 2. Effect of chitosan concentration on the antibacterial activity of strain
Y20 of B. cenocepacia isolated from cystic fibrosis patients.
Columns with the same letters are not significantly different (p <
0.05). Error bars represent the standard error of the mean. Data are
from a representative experiment repeated twice with similar results
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solution of 0.01 mg/mL decreased only 0.21 log;, cfu/mL
compared to the control. Concentrations higher than 0.05 mg/
mL were not significantly different, which is a little different
from the antibacterial activity of chitosan against the strain
Y10 of B. cenocepacia.

The antibacterial activity of chitosan decreased with the
increase in concentration of chitosan may be attributed to the
increase in the ionic strength of the solution for NaOH was
added to adjust the pH of the chitosan stock, which is consistent
with the result of Devlieghere et al."', who found that NaCl
had a negative effect on the antimicrobial activity of chitosan.
However, this is inconsistent with the study of Chung et al.'?,
who found that a higher ionic strength may enhance the solu-
bility of chitosan and thus increases its antibacterial activity.
The difference may be due to a number of factors, such as
characteristics of the chitosan, the tested microorganism and
NaCl concentration used in these studies.

Metal ions of many kinds are ubiquitous in the human
body and exist in abundance in the natural environment. It is
also well known that metal ions form an important group of
antimicrobial agents, which have different active target from
most bacteriostatic polymers. Wang et al."* found that the
chitosan-metal complexes showed wide spectra antimicrobial
activities, which were much higher than free chitosan and metal
salts. However, metal ions were also found to reduce the anti-
bacterial activity of chitosan derivative. Yang et al."* found
that the addition of metal salts reduced the antibacterial activity
of chitosan derivative against Escherichia coli. Furthermore,
Bassi et al.” demonstrated that the decrease of the antibacterial
activity was due to chelation of chitosan with the metal ions.

The effect of different metal ions on antibacterial activity
of chitosan against B. cenocepacia is shown in Table-1, which
showed that different metal ions had differential effect on
antibacterial activity of chitosan. The addition of NaCl at the
final concentrations of 15 and 30 mM dramatically decreased
the antibacterial activity of chitosan solution, which is consis-
tent with the result of Devlieghere et al."', who found that
NaCl had a negative effect on the antimicrobial activity of
chitosan. Similarly, the antibacterial activity of chitosan
solution at 0.10 mg/mL against B. cenocepacia Y10 and Y20
was decreased by MgCl, or CaCl,, which is consistent with
the result of Chung et al.'?, who found that the addition of
CaCl, or MgCl, at a final concentration of 25 mM clearly
interfered with the antibacterial activity of chitosan. Interest-
ingly, the results of the present study indicate that the growth
of B. cenocepacia Y 10 and Y20 were completely inhibited by
chitosan amended with ZnCl, or FeCl; at the final concentrations
of 15 and 30 mM, which is different with the result of Chung
et al.”, who found that the existence of ZnCl, at a final concen-
tration of 25 mM clearly interfered with the antibacterial
activity of chitosan.

In recent years, chitosan-metal complex attracted great
interests for its potential use as medicament or nutriment'®, It
is well known that both chitosan and some metal salts have
the properties of disinfection and bactericide'’. After chitosan
binds to some metal ions through nitrogen, oxygen or a combi-
nation of them, the bindings are likely to leave some potential
donor atoms free and these free donor atoms enhance the

TABLE-1
EFFECT OF METAL IONS ON THE ANTIBACTERIAL
ACTIVITY OF CHITOSAN SOLUTION AT 0.10 mg/mL
AGAINST B. cenocepacia Y10 AND Y20

. . Reduction in surviving cell
Chitosan solution g

. numbers (log;, cfu/mL)
amended with : =
B. cenocepacia Y10 B. cenocepacia Y20

None 1.36 £ 0.07 1.17 £ 0.05
NaCl at 15 mM 0.28 £ 0.03 0.57 £0.04
NaCl at 30 mM 0.39 £ 0.04 0.38 + 0.06
CaCl,at 15 mM 0.43 £ 0.04 0.35 £0.05
CaCl, at 30 mM 0.39 £ 0.05 0.41 £ 0.04
MgCl,at 15 mM 0.64 £0.03 0.23 £0.05
MgCl, at 30 mM 0.76 + 0.05 0.11 £0.05
ZnCl,at 15 mM 8.11 £ 0.06 8.03 £0.06
ZnCl, at 30 mM 8.11 £ 0.06 8.03 £ 0.06
FeCl;at 15 mM 8.11 £ 0.06 8.03 £ 0.06
FeCl, at 30 mM 8.11 = 0.06 8.03 £ 0.06

The data were shown as means + standard error from a representative
experiment repeated twice with similar results. Initial concentration of
B. cenocepacia Y10 and Y20 is approximately 10° cfu/mL. The
surviving cells in chitosan solution were counted after 6 h of
inocubation. Each value represents the average of six replicates.

biological activity'. So it stands a good chance that chitosan-
metal complex exhibit enhanced ability of antimicrobial, which
will be very favourable to chitosan-metal complex' applications
in medical industry and food industry".

Conclusion

Present data demonstrated that the chitosan could inhibit
the growth of B. cenocepacia isolated from the sputum of cystic
fibrosis patients. To the best of our knowledge, this is the first
report about antibacterial activities of chitosan on B. cenocepacia,
which showed chitosan has potential as a therapeutic strategy
against bacterial infections in cystic fibrosis. Results in this
study further indicated that the inhibitory effects of chitosan-
metal complexes were dependent on the property of metal ions.
Both ZnCl, and FeCl; significantly enhanced the antibacterial
activity of chitosan solution while the antibacterial activities
of chitosan solution were reduced by NaCl, CaCl, and MgClL.
In addition, chitosan-metal complexes are obviously safer for
human health and the environment than free metal ions, which
showed that chitosan-Zn or chitosan-Fe complex may be a
good candidate for novel antimicrobial agents in pharma-
ceutical industry.
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